We consider the dating market decision problem under the quantum mechanics point of view. Quantum states whose associated amplitudes are modified by men strategies are used to represent women. Grover quantum search algorithm is used as a playing strategy. Success is more frequently obtained by playing quantum than playing classic.
Introduction
Quantum techniques, as a convenient language to generalize classical probability theory have gained attention recently. An example is provided by so-called quantum games, introduced by Meyer [1] and Eisert et al. [2] , that allow effects which are impossible in a classical setting.
Other examples of application of quantum techniques to classical problems are the Shor algorithm [3] , which is purely quantummechanical but is solving the classical factoring problem and the contribution of Lov Grover [4, 5] , who showed a way to speed up the search for items in an N-item database from O(N ) steps to O( √ N ) steps. These and many other examples, show that there is no contradiction in using quantum techniques to describe non-quantum mechanical problems and solve hard to solve problems with classical tools. Decision theory that deals with decisions made under uncertain conditions by real humans is yet another problem of interest that presents both characteristics.
Widely observed phenomena of non-commutativity in patterns of behavior exhibited in experiments on human decisions and choices cannot be obtained with classical decision theory [6] but can be adequately described by putting quantum mechanics and decision theory together. Quantum mechanics and decision theory have been recently combined [6, 7, 8] to take into account the indeterminacy of preferences that are determined only when the action takes place. An agent is described by a state that is a superposition of potential preferences to be projected onto one of the possible behaviors at the time of the interaction. In addition to the main goal of modeling uncertainty of preferences that is not due to lack of information, this formalism seems to be adequate to describe widely observed phenomena of non-commutativity in patterns of behavior.
Within this framework, we study the dating market decision problem that takes into account progressive mutual learning. This problem is a variation on the Stable Marriage Problem introduced by Gale and Shapley almost four decades ago [9] , that has been recently reformulated in a partial information approach [10, 11] . The dating market problem may be included in a more general category of matching problems where the elements of two sets have to be matched by pairs. Matching problems have broad implications in economic and social contexts [12, 13] . As possible applications one could think of job seekers and employers, lodgers and landlords, men and women who want to date [14, 15] , or solitary ciliates courtship rituals [16] . In our model players have a list of preferred partners on the other set. Quantum exploration of partners is compared with classical exploration at the dating set. Nevertheless dating is not just finding, but also being accepted by the partner. The preferences of the chosen partner are important in quantum and classic performances.
The quantum dating game
In the classic dating market game [14, 15] , men choose women simultaneously from N options, looking for those women who would have some "property" they want. Unlike the traditional game, in the quantum version of the dating game, players get the chance to use quantum techniques, for example they can explore their possibilities using a quantum search algorithm. Grover algorithm capitalizes quantum states superposition characteristic to find some "marked" state from a group of possible solutions in considerably less time than a classical algorithm can do [17] . That state space must be capable of being translatable, say to a graph G where to find some particular state which has a searched feature or distinctive mark, throughout the execution of the algorithm. By "distinctive mark" we mean problems whose algorithmic solution are inspired by physical processes. Furthermore it is possible to guarantee that the searched node is marked by a minimum (maximum) value of a physical property included in the algorithm.
Let agents be coded as Hilbert space base states. As a result, men are able to choose from N w women set W = {|0 , |1 , ..., |N w −1 }. Table 1 displays four women states in the first column and some feature that makes them unique in the second column which we will code with a letter for simplicity.
If a player is looking for a woman with a feature "d", the table must be searched on its second column and when the desired "d" is found, look at the first column where the corresponding chosen woman state is: |3 in this example. The procedure is very simple if the table has just a few rows, but when the database gets bigger, the table in the best case would have to be entered N w /2 times [18, 19] . Under this framework we propose to use Grover algorithm in order to achieve man's decision in less time. With- Table 1 Sample woman database. Left column contains women states and right column displays a letter representing some feature or a feature set that characterizes each woman on the left. out losing generality let N w = 2 n being n the qubits needed to code N w women. Quantum states transformation are made by applying Hilbert space operators U to them, following Ψ 1 = U 1 Ψ 0 is a new system state starting from Ψ 0 . As a consequence any quantum algorithm can be thought as a set of suitable linear transformations. Grover algorithm starts with n qubits in |0 , resulting ψ ini = |00..00 ≡ |0 n the system initial state, where symbol denotes Kronecker tensor product. Initially, the woman identified by state |0 is chosen with probability one. The next step is to create superposition states and like many other quantum algorithms Grover uses Hadamard transform to do this task since it maps n qubits initialized with |0 to a superposition of all n orthogonal states in the |0 , |1 ,.. |n − 1 basis with equal weight,
i=0 |i . One-qubit Hadamard transform matrix representation is (1), and n-qubits extension is H n , see [20] ,
Another quantum search algorithms characteristic, is the "Oracle", which is basically a black box capable of marking the problem solution. We call U f the operator which implement the oracle
where f (w) is the oracle function which takes the value 1 if w correspond to the searched woman, f (w) = 1, and if it is not the case it takes the value 0, f (w) = 0. The value of f (w) on a superposition of every possible input w may be obtained [20] . The algorithm sets the target qubit |q to
(|0 − |1 ). As a result, the corresponding mathematical expression is:
Observe that the second register is in an eigenstate, so we can ignore it, considering only the effect on the first register.
Consequently, if f (w) = 1 a phase shift is produced, otherwise nothing happens. As we already stated our algorithm is based on the classical Gale-Shapley (GS) algorithm [9] which assigns the role of proposers to the elements of one set, the men say, and of judges to the elements of the other.
Actually, for a more symmetric formulation of the algorithm where both sets are, at the same time, proposers and judges, it would be necessary another oracle which evaluates women features matching by means of another function g(x) [21] , but we will not go into that. As far as we are concerned up to now the Oracle is a device capable of recognizing and "mark" a woman who has some special feature, said hair color, money, good manners, etc. Oracle operator U f makes one of two central operations comprising of a whole operation named Grover iterate G (Fig.1) , and a rotation operator U R , or conditional phase shift operator represented by equation (5).
U R and U f , together with Hadamard transformations represented by H blocks (1), in the order depicted by (Fig. 1 
Furthermore, after applying Grover iterate, G, O( √ N w ) times, the man finds the woman he is looking for. In Figure 1 Grover iterate is shown and Grover quantum algorithm scheme is depicted in Figure 2 .
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Fig. 2. Grover Quantum searching algorithm
As the number of iterations the algorithm makes depends on the size of the options set, this must be known at the beginning of simulations. Every operator has its matrix representation to be used in simulations. We suppose the player chooses a woman who has some specific particularity that would distinguish her from any other of the group, so we construct matrix U f and other matrixes for that purpose. The evolution of the squared amplitude with the iteration number is shown in Figure 3 . The searched state amplitude is initially the same for all possible states |i > in the Ψ 1 expression. The fast increasing of the probability to find the preferred state on each iteration contrasts with the decreasing of the probability to find every other state. The example displayed is for N w = 1024 women and as the can be seen in Fig-ure 3, the number of iterations needed to get certainty to find the preferred woman are 25. Classically, a statistical algorithm would need approximately N w = 1024 iterations. Fig. 3 . Evolution of the probability to find the chosen woman and the probability to find other woman as a function of the iteration number with Grover's algorithm.
Thus when a given man who wants to date a N w size set selected woman, he must set his own U f operator out, according to his preferences, and then let the algorithm do the job. The case of N m men may be obtained generalizing the single man case: every one of them must follow the same steps. Nevertheless, achieving top choice is hard because of competition from other players and your dream partner may not share your feelings. If all players play quantum, the time to find woman is not an issue and the N stable solutions will be the same as for the classic formulation [22] .
Quantum vs classic
To compare the quantum approach efficiency with the classical one we will consider some players playing quantum and others playing classic. Let us follow the evolution of two agents representative from each group, Q and C respectively. Q, that plays quantum can keep his state as a linear combination of all the prospective results when unitary transforms such as the described above for Grover's algorithm are applied, provided no measurement producing collapse to any of them is done. On the other hand, the only way C has to search such a database is to test the elements sequentially against the condition until the target is found. For a database of size N , this brute force search requires an average of O(N/2) comparisons [4] .
In order to compare performances two different games where both men want to date with the same woman are presented: In the first one player Q gives player C the chance to play first and both have only one attempt per turn, which means only one question to the oracle. The second game, in order that Q plays handicapped, is set out in the way that C can play N/2 times while Q only once, and player C plays first again. The classic player C plays without memory of his previous result and therefore, in every try he has 1/N probability to find the chosen woman to date. It is important to remark that only one Grover iterate is performed by Q ( Figure  1 ) in both games.
The player who invites the chosen woman first has more chances to succeed, as well as that who asks the same woman more times. Nevertheless the woman has the last word, and therefore the dating success for each player depends on that woman preferences. So, let us define P i c as the probability that woman i accepts dating the classic player C and P i q as the probability that she accepts the quantum player Q proposal. In order to compare performances, we consider T = 1000 playing times on turns and count the dating success times, then calculate the mean relative difference between Q and C success total number as D/T = Qsuccess−Csuccess T , for different woman acceptation probabilities.
Initially, both players begin with the system in the initial state
i=0 |i , therefore the probability to select any woman is the same for both, p(w i ) = 1/N . In the next step the Oracle marks one of the prospective women state according men prefer-ences.
The results are highly dependent on the women set size N because, as mentioned above, Grover algorithm needs O( (N )) steps to find the quantum player's chosen partner while the classic player must use O(N ) for the same task. In the case of only one woman and one man, for example, classic and quantum will not have any advantage on searching and the dating success difference for the first game will depend only on that woman preferences, that is, if P c > P q then D/T < 0 and the quantum player will do better when P q > P c . Similar chances for both players is not usual in most quantum games, such as, for example the coin flip game introduced by Meyer [1] where the quantum player always beats the classic player in a "mano a mano" game. For a two women set Q uses only one step, but C needs two steps to find the right partner. In this case Q does better when P q > P c /4. Winning conditions improve significantly for the quantum player for increasing N , but not in a monotonous way, because the probability to find the chosen partner in one step is associated with the projection of the state obtained with only one Grover iterate (Fig. 1) on the corresponding chosen partner state ( In Fig. 3 this probability is ≈ 0.1) for the quantum player while the classic player odds to meet his partner is always 1/N . On the other hand for the second game, the classic player has N/2 opportunities while Q has, as for the first game, only one step. Therefore the advantage increases for C in this game for increasing N .
In order to facilitate comprehension the set size in the simulations results shown is N = 8.
Under the first game conditions both players have only one attempt by turn. Since C cannot modify state ψ 1 amplitudes, he has 1/8 chance to be right. On the other hand player Q, using Grover algorithm as his strategy, can modify states amplitudes in order to increase his chances to win, reaching 0.78 as the probability to find his preferred woman in only one iteration. Figure  4 shows that situation outcomes for different P Under the second game conditions player C have N 2 = 4 attempts before Q plays. After each C attempt the system is forced to collapse to one base state, so a third party, that could be the oracle, arrange the states again and mark the solution. As we explained above, to mark a state means to change its phase but nothing happens to the state amplitude, consequently, for the classic player C, the probability that state results the one the Oracle have signaled is, marked or not, 1/N = 1/8, even though, due to his "insistence", he tries Player C probability to find the chosen woman can increase to 1 2 when using a classical algorithm like "Brute-Force algorithm". As shown in figure 5 , when C has N 2 = 4 tries while Q has only one, C's odds of success in dating increases, and there are zones on the graph where D/T < 0. This implies that player C outperforms player Q. Nevertheless, to achieve that, the chosen woman preferences must be considerably greater for the classic player, that is P 
Conclusion
We have introduced a quantum formulation for decision matching problems, specifically for the dating game. In that framework women are represented with quantum states whose associated amplitudes must be modified by men's selection strategies, in order to increase a particular state amplitude and to decrease the others, with the final purpose to achieve the best possible choice when the game finishes. This is a highly time consuming task that takes a O(N ) runtime for a classical probabilistic algorithm, being N the women database size. Grover quantum search algorithm is used as a playing strategy that takes the man O( √ N ) runtime to find his chosen partner. As a consequence, if every man uses quantum strategy, no one does better than the others, and stability is quickly obtained.
The performances of quantum vs. classic players depend on the number of players N . In a "one on one" game there is no advantage from any of them and the woman preferences rule. Similar chances for quantum and classic players in "one on one" situation is not usual in most quantum games, such as Meyer's penny flip [1] . Winning conditions improve for the quantum player for increasing N and the same number of attempts, but not in a monotonous way. If the game is set in order that the classic player has N 2 opportunities and the quantum player only one, the former player begins to have an advantage over the quantum one when his probability to be accepted by the chosen woman is much higher than the probability for the quantum player for small N . The advantage increases for C in this game for increasing N because the opportunities for C are N/2 while Q has only one. As quantum entanglement enhances the "speed" of evolution of certain quantum states [23] in future analysis we will introduce entanglement between players in order to see if it provides any advantage to entangled players and changes the stable solutions.
